




remove manure from the confinement houses. The flushed waste is mostly treated
and stored in large anaerobic lagoons (0.25 to 5 hectares) and later applied to

cropland.

Anaerobic lagoons are designed to perform a significant reduction in the organic
content of the flushed waste. Although the anaerobic digestion process can reduce
80% or more of the organic matter from these high-strength wastewaters, these
open lagoon systems are not without significant adverse environmental impact.
Specifically, organic N is converted to free ammonia (NH3) with much of it
volatilized from the lagoon's surface. It may be anticipated that in a lagoon of long-
term retention, 50 to 80% of the N will escape to the atmosphere (Miner and Hazen,
1977; Muck and Steenhuis, 1982; Barrington and Moreno, 1995; Braum et al.,
1997). Recent estimates of NH3 emissions from swine lagoons in North Carolina
indicate that about 30 Mg of NH3 per day volatilizes from a total of 2,000 ha of
lagoons (Crouse et al., 1997). Once in the air, the ammonia may diffuse down into
the surrounding land, or be carried away by wind and Cjiffuse down into soil and
water several miles from the source. Hutchinson et al. (1972) showed that plants
can also serve as sinks of significant quantities of NH3 from the air even at low
atmospheric concentrations. It is estimated that airborne pollution now accounts for
about one-third of the 2,300 Mg of N that enter the Neuse River basin of the
eastern U.S.A. each year (Hans Paerl, pers. comm.). These and other
considerations, such as the potential for contaminated ground and surface waters,
fish kills, and unexpected ecological shifts, provide ample reason for a greatly
increased interest in controlling ammonia emissions from confined animal

production.

2. Ammonia Removal
Denitrification Treatment

Through Biological Nitrification-

An efficient method to remove ammonia from animal lagoon wastewater is through
on-farm biological nitrification-denitrification control processes. The effectiveness of
such biological nitrogen removal processes depends on th.e ability of nitrifying
organisms to oxidize NH3 to nitrate (NO3-N). Once in a nitrate form, the
transformation into Nz (or denitrification process) needs two conditions: a source of
carbon and an anaerobic environment. These conditions are typically found in
wetlands or liquid manure storage units. Using lagoon swine wastewater with a
nitrification pretreatment, Rice and coworkers (1998) increased more than five
times the N removal potential of constructed wetlands. Bernet and coworkers
(1996) found that denitrification can also be carried out in the same tank used for
anaerobic digestion of swine wastewater. Their results indicate that design of a
practical process combining anaerobic digestion and denitrification coupled to a
nitrifyin.g reactor needs consideration of the carbon (C) to NO3-N ratio in order to
obtain complete nitrate reduction to molecular N.
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The basic problem related to nitrification in wastewaters with a high content of
organic carbon is the low growth rate of the nitrifying bacteria; the generation time
of these microorganisms is about 15 hours. Compared to heterotrophic micro-
organisms, which have generation times of 20-40 minutes, the nitrifiers compete
poorly for limited oxygen and nutrients and tend to be overgrown or washed out
(Figueroa and Silverstein, 1992; Wijffels etal., 1993).

The nitrification of lagoon swine wastewater is an especially difficult process
because of the very low numbers of nitrosomonas and nitrobacter usually found
after anaerobic treatment (Blouin et al., 1989). Even when the oxygen supply is
plentiful, an adaptation period is needed to reach a minimum bacteria concentration
before effective nitrification. In the absence of enriched nitrifying populations,
aerobic treatment of lagoons can potentially add to problems by stripping ammonia
into the atmosphere, particularly if uncontrolled or excessive flow rates of air are
used (Burton, 1992). To overcome these problems, we recently proposed the use
of immobilized nitrifying cells in polymer pellets for enhanced nitrification of swine
wastewater (Vanotti and Hunt, 1996). This is an attractive approach to biological
ammonia removal as applied to animal systems because the capacity of the reactor
can be increased by increasing the nitrifiers' retention time independent from the
wastewater retention time.

3. Immobilization Technology

Advances in biotechnology using immobilization technology have shown that
conditions can be modified to enhance the activity of specific microorganisms
performing a desirable chemical process. The immobilization of microorganisms in
polymer resins is a widely applied technique in drug manufacturing and food
processing. The application for municipal wastewater treatment has been recently
developed and tested in Japan (Tanaka et al., 1991; Takeshima et al., 1993), and
there are currently several full-scale municipal wastewater treatment plants using
this technology. This was the result of a 10-year comprehensive research project
intended to solve wastewater treatment problems using biotechnology. Through the
immobilization process, the nitrifying microorganisms are provided with a very
suitable environment to perform at maximum effectiveness. The nitrifiers are
entrapped in 3- to 5-mm pellets made of polymers that are permeable to NH3,
oxygen and carbon dioxide needed by these microorganisms, resulting in a fast and
efficient removal of NH3. Typical materials are polyethylene glycol (PEG) and
polyvinyl alcohol (PYA); these pellets are functional for more than 10 years.
Wastewater is treated in a nitrification tank equipped with a wedge-wire screen to
retain the pellets and a whole-floor aeration system to ensure high oxygen transfer
and appropriate fluidization. Pellet volume is usually 7 to 15% of the total reactor
volume. Nitrification rate with this technology can be three times higher than those
of the conventional activated sludge process (Tanaka et al., 1991). This is
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important when assessing the application of nitrification technologies for animal
systems because construction and aeration cost can be limiting factors.

4. Immobilization of Acclimated Swine Wastewater Nitrifying
Bacteria

Preparation of nitrifying culture. An active culture of acclimated swine wastewater
nitrifying bacteria (ANB) was prepared from seed sludge obtained from an overland
flow treatment field used for nitrification of anaerobic lagoon wastewater effluent.
The seed sludge was diluted to a level of 0.62 g/L by an inorganic salts medium
(Furukawa et al., 1993) using a fill-and-draw cultivation method. The NH4-N
concentration of the medium was fixed to 300 mg/L, and the pH was adjusted to 8.5
by addition of 1 N K2CO3 twice a day. The cells were harvested after 10 days of
incubation at 35°C. The cultivation procedure yielded 1 g:MLSS/L with a nitrification
activity of 7.06 mg NH4-N/g-MLSS/h.

Immobilization technique. The ANB was concentrated by sedimentation to 58 g/L
and immobilized by a PV A-freezing method. One unit of concentrated ANB was
mixed on a weight basis with one unit of 20% (w/v) PVA-HC (100 % saponification,
Kurare Co., Osaka)1 warm aqueous solution at 45°C. The mixture was then poured
into a plastic tray, and frozen for 16 h at -4°C. After fast thawing, immobilized ANB-
pelletized cubes of 3-5 mm were prepared using a sharp blade. The immobilized
pellets were washed with the inorganic medium under aeration until foaming by
unpolymerized PV A stopped. Pellets were produced at a rate of 766-g (wet) or 875-
ml pellets per 1000 g of ANB-PV A initial mixture and contained 37.9 mg ANB/g-

pellet (wet).

Recovery culture. Recovery cultures of immobilized ANB were carried out by the
fill-and-draw cultivation method during 2 d at 35°C using inorganic salts medium
under a loading rate of 2.0-mg NH4-N/g-peliet/d. Recovered immobilized ANB
pellets with a nitrifying activity of 2.06-mg NH4-N/g-peliet/d were used in
subsequent batch and continuous experiments. The nitrifying activity of ANB after
immobilization and recovery was 2.27-mg NH4-N/g-MLSS/h, which is 32.1% of the
activity before immobilization. This activity is similar to values of 1.74- to 2.11-mg
NH4-N/g-MLSS/h reported by Furukawa et al. (1993) using acclimated marine
nitrifiers.

1.Mention of trademark, proprietary product, or vendor does not constitute a guarantee or

warranty of the product by the U.S. Dept. of Agriculture and does not imply its approval to

the exclusion of other products or vendors that also maybe suitable.
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5. Nitrification of Swine Wastewater Using Batch Treatment

Batch experiments were conducted to elucidate conditions that optimize nitrification
of lagoon wastewater. The reactors consisted of conic aeration tanks with air
supplied from the bottom of the tanks to ensure full fluidization of nitrifying pellets.
Average dissolved oxygen concentration was 7.7-mg O~L. Pellets were added at
15.3% (w/v) [17.5% (v/v)] pellet to total volume ratio. Temperature was controlled
using a circulated water bath and heat regulator. All experiments were conducted at
30.C. The wastewater used was a lagoon effluent from a swine operation in Duplin
County, North Carolina. It contained 233-mg NH4-N/L, 250-mg TKN/L, and 0 nitrate
and nitrite. Other characteristics were 200-mg TSS/L, 150-mg BODsfL, 1357 -mg
alkalinity/L, and a pH of 8.3.

Data in Fig. 1 identify inhibitory boundary conditions of NH4+ and NO2- oxidation of
swine wastewater by immobilized nitrifiers. During NH4+ oxidation, there is a release
of hydrogen ions that decreases the pH to an extent related to the buffering
capacity of the system. The alkalinity concentration of the wastewater (1357-mg
CaCOJL) was lower than the 1670 mg/L needed for complete oxidation of 233-mg
NH4-N/L (assuming 7.14-mg CaCOJmg NH4-N). As the NO2-N accumulated and
the pH decreased during progression of nitrification, the free un-ionized nitrous acid
(HNO2) increased to a value ( 0.2 mg/L) that inhibited NH4+ oxidation. Addition of
NaOH pulses at 12-15 h relieved this inhibition, and NH4+ oxidation was completed.
On the other hand, oxidation of NO2-N was inhibited during the first 9 h and during
the pH adjustment period when un-ionized (free) NH3 levels were higher than 1
mg/L. These values are consistent with the benchmark nitrification work of
Anthonisen et al. (1976). Their studies showed boundary concentrations of 0.2 to
2.8 mg/L for free nitrous acid inhibiting NH4+ oxidation, and 0.1 to 1.0 mg/L for free
ammonia affecting the oxidation of NO2-N.
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